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P R E F A C E

This report is one of a series of similar reports which document

the synopt ic scale meteorolog i cal cond iti ons over the con tinen ta l Un ited

States for a specified period. During each period , one or more fl i ghts

were conduc ted by research a i rcraf t in su pport of the Large Scale C lou d
Systems Program. Each fli ght consists of several legs .

An overall synoptic sumary for the en ti re per iod is prov ided at

the begi nn ing of each report. Follow i ng the sumary are secti ons cover i ng

the individual flights. Each section contains the following for a gi ven

fl i ght: 
V

• aircraft track for each leg of the fl i ght 
S

S 
• narrative sunii~ary of the lo.cal wea ther con diti ons

• surface analyses and nephanalyses at standard
six-hourly synoptic times

• upper air analyses at the 850, 700, 500 and
300 mb levels at standard twelve-hourly synoptic
times . (The 200 mb level is included for those
series duri ng which research fl i ghts were
conducted above 300 mbs.)

• 500 mb vertical motion and vorticity patterns at
standard twelve-hourly synoptic times

• local area surface analyses at standard three-
hourly Intervals bracketing the period of each
flight

• verti cal cross-sections along the fl ight path
for each leg of a fl i ght.

- S For clari ty, no more than two sets of i sol i nes are shown on the upper a i r

charts. All heights are gi ven in geopotential meters above mean sea l evel

(MSL) unless desi gnated otherwise.
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The legends for the various charts are gi ven as follows :

CHART LEGEND

Surface Analysis Pressure (millibars ) — only the last 2
digits are qiven

Flight Area (applies to all charts)

Fronts , Highs , Lows , Troughs , etc . are
depicted accordinq to standard conventions.

Nephanalysis C Covered (80-100% cloud cover)

MCO Mostly Covered (50-80% cloud cover)

MOP Mostly Open (2O-,5O% cloud cover)

0 Open (0-20% cloud cover)

~~~~~~~ Boundary delineating Covered areas

~~~~~~~~~~~~ Boundary del ineating Mostly Covered areas

Boundary delineating Mostly Open areas

Cb Cumu lonimbus

Ci Cirri form

Cu Cumulofo rm

St Stratiform

Sc Stra tocumu l us

In the above boundaries , the “bumps ”
point toward areas of lower cloud
amounts . Surface Highs , Low s , Fronts ,
etc., are also depi cted on this chart
according to standard conventions .

Upper Air Analysis Heights (tens of meters) - only 3 digits
are gi ven .

Iso tac hs (me ters/second )

MAX Isotach Maximum

M IN Isotach Minimum

V 
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V CHART LEGEND
V Upper Air Analysis (cont’d)

Temperature (degrees Celsius)

Dew Po i nt Depress i on (degrees Ce l s iu s)

M Area of relati vely moist air

o Area of relati vely dry air

Vertical Velocity (mi c roba rs /second )

+ Upward motion

— Downward motion

Vorticity (iO~~ per second )

Loca l Surface An alysi s
Pressure (millibars ) - only last 2
di gits given

Flight Area

Precipitation Area

Vertical Cross-Section
Half barb = 2.5 meters/second

I Full barb = 5.0 meters/second

k.... Flag = 25 meters/second S

Tempera ture ( degrees Ce l si us)

Dew Po int Depress ion (de grees Ce l s i us )

~~~~~~ Cloud depi cti on ( tops)

~~~~~~~~~~~~~ 
Cloud depiction (bottoms)

Terrain

—uc 1 —  Flig ht  Path - leg number (distance
(124 km) In kilometers )
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1. SYNOPTIC SUMMARY 1-4 MARCH 1978

1.1 Upper Circulation . The period (from 1200Z 1 March through

0000Z 4 March 1978) begins wi th a trough off the west coast and generally

zonal flow across the continental United States. As the period

progresses , ridging occurs over the plains states with another trough

forming along the eastern United States . A jet stream is positioned

along the Canadian border with another jet situated along the southern

edge of the United States. Moisture from the Pacific extends through

the western states while in the east, moisture from the Atl antic is

displaced near the beginning of the period by drier air which is

subsequently replaced by moisture from the south .

1 .2 Surface Pattern. At the start of the~ period a large anti-

cyclone dominates the central United States , bring ing cold temperatures

into that region . A quasi-stationary front delineates the western

boundary of this cold air mass from the eastern Rockies through eastern

New Mexico , western Texas and into the Gulf of Mexico . A low pressure

system off the Atlantic coast is causing overcast conditions and

precipitation over the eastern third of the country. In the west , a

low is situated on the southern California coast, causing widespread

rainfall in the southwest corner of the United States. During the

period , the anti cyclone drifts eastward and weakens while the low in

the Atlantic moves farther out to sea . This brings improving weather

conditions to the east during mid-period . The California low remai ns

V quasi-stationary while Its associated frontal system migrates to the

Rocky Mountain region of Colorado-New Mexico , where a new low develops .

10
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Widespread cloudiness and precipitation accompanies this new system ,

wh ich then moves across Texas. An ex tens i ve trough deve lops from thi s

low behind the eastward movi ng anticyclone . Frontal waves ripple

along a quasi-stationary front from the ~ul f coast across Flor ida

and then northward along the Atlantic coast where development occurs

at the end of the period. Another polar outbreak occurs from the

northern Rocky Mountain states pushing southward through the plains

by the end of the period. S 
-

1.3 Storm Tracks. During the period , a storm track extends V

from southern California to the southwestern states , through Texas ,

along the Gulf coast, across Florida and northeastward along the

Aflantic seaboard . Another storm track lies from southern Alberta

eastward to Lake Superior and is outside the area of interest of

this report .

11

1; 
~~~~~~ •“ . 5

~~~~ . ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 
V 

V



V 2. FLIGHT 1 - 1 MARCH 1978

2.1 Aircraft Tracks. The fli ght tracks of the research a i rcraf t

are given in Table 1 below . These tracks lie over New Mexico between

Al buquerque and Farmington at various alti tudes . - The terrain hei gh ts

along the fli ght paths range from 1600 to 2250 meters .

TABLE 1. AIRCRAFT TRACKS - 1 MARCH 1978

TIME (Z)  ALTITUDE POSITION DISTANCE
LEG START STOP 

_S
~~tV7i1) BEGIN END nm (kin]

1 1747 1818 11 ,000 (3353) 16 nm NW ABQ a 14 nm SW FNMb 104 (193)

2 1838 1857 19 ,000 (5792) 65 nm NW ABQ 7 nm NW ABC) 58 (107)

3 1909 1930 25,000 (7680) 30 nm NW ABQ 110 nm NW ABQ 80 (148)

4 1945 2004 29,000 (8840) 79 nm NW ABQ 15 nm NW ABQ 64 (119)

~ABQ = Albuquerque , New Mexico (35°03’N l06°49’W)
FMN = Farmington , New Mexico - (36°45’N lO8°06 W)

2.2 Local ~ynoptic Summa ry. A quasi-stationary front delineating

the western boundary of a large cold aiVr mass is situated to the east of

the fli ght area . An occluded front from a low off the southern California

coast approaches from the west (Figure 1). The occluded front crosses

the fl i ght area and a low develops in the vicin .ity of the quasi-stationary

front (Figures 2 and 3). The overcast extends from the occluded front

to the quasi-stationary front throughout this flight period (Figures 4

through 6).

The terrain is above the 850 m ul l i bar (nib) level in the fl i ght

area .• Therefore, the 850 nib analyses in Figures 7 through 10 are less

representative in that region. However, troughing occurs north of the area

I
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accompanied by an intrusion of moist air. A wind maximum of 15 meters

per second (rn/s) at 850 nib tracks just south of Albuquerque.

At 700 mbs , winds are generally from the west southwest wi th

an i sotach maximum of 25 rn/s approaching and passing just south of the

fl i ght area. A short wave trough at 700 and 500 nibs passes through the

area accompanied by moist air (Figures 11 through 14).

The 500 mb analyses show southwesterly flow in the area of

interest as the short wave moves through (Figures 15 and 17). Moisture

remains high with little temperature change (Fi gures 16 and 18).

Descending air occurs east of the flight tracks wi th rising air to the

west. Positi ve vorticity is advected into the region during the entire

flight period (Figures 19 and 20).

At 300 mbs the winds are west southwesterly and diminish as

an isotach minimum approaches from the northwest of the flight area

(Figures 21 and 23). Temperatures decrease slightly as the trough

approaches from the west (Figures 22 and 24).

The local area surface picture shows low overcast cond itions

and fog throughout the period . Rain and rain showers prevail het~een

the frontal zones wi th frozen precipitation reaching the surface north

of the fl i ght area . The frontal system approaching from the west

V transits the flight tracks between l900Z and 2200Z (Figures 25 through

S 
27).

The vertical cross-sections (Figures 28 through 31) indicate

wi nds generally from the southwest veering and increasing in speed wi th

altitude. Temperatures decrease slightly from south to north at all
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levels. The freezing level is at approxima tely 2700 meters . A deep

moist layer exists from the surface of the ground up to as hi gh as

8200 meters . Clouds are mixed cumulofo rm cells and stratiform layers

throughout the depth of the moist air.

A simple tropopause exists over the area of the flight

tracks. At the beginning of the flight period the tropopause is at

11.2 km over the southern end of the flight area decreasing to 11.1 km

at the northern end. The temperature at the tropopause averages

-61°C. By the end of the fl i ght period the height of the tropopause

decreases 100 meters while the temperature increases slightly to -60°C.
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3. FLIGHT 2 - 2 MARCH 1978

3.1 Ai rcraft Tracks. The flight tracks of the research aircraft

are given in Table 2 below. These tracks are flown in the genera l

area between Little Rock Air Force Base , Arkansas and Memphis , Tennessee .

There are four legs to this flight. The terrain varies between 95

and 120 meters MSL along the flight path .

TABLE 2. AIRCRAFT TRACKS - 2 MARCH 1978

TIME (Z)  ALTIT UDE POS ITION DISTA NCE
LEG START STOP ~~t Cm) BEGIN END nm ( kni) S

1902 1927 25,000 (7680) 8 nm NE LRF a MEM b 100 (185) 
V

2 1930 1936 Descending 10 mm NE MEM 65 nm E LRF 50 (93)
22,500 (6858) -

18,500 (5639)

3 1943 2021 10,000 (3048) 90 mm E LRF 3 nm E LRF 87 (161)

4 2037 2102 5,000 (1524) 35 nm E LRF MEM 73 (135)
aLRF = L ttle Rock AFB , •Arkansas (34°55 N 92°09’W)
bMEMV 5 . •~~r phis , Tennessee (35°03’N 89°59’W)

3.2 Local ~y~Qptic Sumary. Prior to the peri od of this fl i ght

the surface shows the flight area is under the influence of moist southerly

flow (Figure 32). The low which is located in the Oklahoma panhandle

moves in to cen tral Texas , wi th troughing occurring over the flight area

as the high located over Ohio weakens and dri fts eastward (Figures 33

through 35). Overca st conditions prevail duri ng the period wi th

stratocumulus clouds at the lower levels , l ayers of stra tiform clouds

above , and cumuloform clouds scattered throughout the area (Figures 36

through 39).
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V 
A closed low at the 850 mb level reflects the surface low

t. over the Oklahoma panhandle (Figure 40). An area of 20 rn/s wi nds is

located south of the low center. An extensive tongue of moist air

reaches from California to the flight area (Figure 41). The 850 mb

low moves eastward into eastern Missouri as the isotach maximum passes

to the south (Figure 42). The moist air extends southeastward covering

the enti re central portion of the country (Figure 43).

At 700 mbs a trough reflecting the low at l ower levels and

extending to 500 mbs , approaches the flight area from the west and

lies just west of the region at the conclusion of this flight. (Figures

44 and 46..) An area of 20-25 m/s winds passes over the flight zone

at 700 mbs . An extensive area of moisture moves slowly eastward at

this level (Figures 45 and 47).

The trough at 500 mbs progresses toward the fl i ght area

movi ng moist air across the area of interest by 0000Z on 3 March

(Figures 48 through 51). Winds diminish at this level wi th the approach

of the trough. Upward motion prevails as positive vorticity moves

over the flight area (Figure 52). Three hours after the flight terl !inates ,

an a rea of subsiding air reaches the fl ight zone wi th no advecti on of

vorticity (Fi gure 53).

The 30b mb level shows a trough to the wes t, with heights

falling and winds increasing over the flight area. The temperatures

decrease slightly wi th the oncomi ng trough (Figures 54 through 57).

V 
- The local area surface charts (Figures 58 through 60) show

S 

widespread overcast areas with precipitation and fog as troughing
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develops from the low s3uthwest of the fl i ght area . Frozen precipitation

occurs to the north . Winds are generally easterly, averaging 5 rn/S.

The vertical cross-sections (Figures 61 through 64) show that

the upper trough line Is almost to the fli ght area as indicated by

the west southwesterly wi nds . During the fl i ght period the wi nds shift

abruptly at the surface from easterly to westerly due to the slope of

the low between the 1000 and 950 mb levels. The winds increase with

height to 27 rn/s at 600 mbs , decrease slightly to 25 rn/ s at 500 mb and

again increase up through 300 mbs . The temperature structure shows a

warm layer just above 900 millibars . The freezing level is at 2900

meters. A moist l ayer extends from the surface to about 9500 meters

with cloud bases from 90 to 150 meters above the surface. Cloud tops

appear to be near 6600 meters, with possible thin layers as high as

8700 meters.

At the beginning of the fl i ght period , a simple tropopause

exists at 10.3 km with a temperature of -57°C over the fligh t region .

By the end of the flight the tropopause level decreases by 250 meters

wi th a temperature of -55°C. V

/I,

- V 
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4. FLIGHT 3 - 3 MARCH 1978

4.1 Aircraft Tracks. The flight tracks of the research aircraft

are given in Table 3 below . These tracks are located over the Atlantic

Ocean 220-25~ km off the Delaware coast and are oriented northeast-

sou thwes t. V

TABLE 3. AIRCRAFT TRACKS - 3 MARCH 1978

TIME ( Z )  ALTITUDE POSITION DISTANCE
LEG START STOP ft (rn) BEGIN END nm ( km)

1 1921 1938 25,000 (7680) 37°54.2’N 38°58.O’N 72 (133)
72°45.3’W 72°02.O’W

2 1947 2013 18,300 (5578) 38°43.O’N 37°47.6’N 64 (119)
72°l5.8’W 72°51.2’W

3 2023 2040 9,880 (301-1) 37°58.3’N 38°53.5’N 66 (122)
72°48.l’W 72°08.O’W

4 2048 2122 9,820 (2993) 38°45.0$ VN 37°46.9’N 68 (126)
72°14.4’W 72°56.6’W

5 2130 2147 18,300 (5578) 37°54.9’N 38°57.01N 72 (133)
72°50.S’W 72°05.O’W

6 2152 2218 23,620 (7200) 38°51.O’N 37°54.2’N 69 (128)
72°06.O’W 72°51.O’W

4.2 Local Synoptic Summary. Initially a weak ridge lies over the

fl i ght area at the surface (Figure 65). A warm front along the south

Atlanti c states pushes into the flight area (Figure 66). A low along

the frontal zone near Cape Hatteras deepens as it moves northeastward

toward the flight area. A frontal wave form s with the deepen i ng low

at the end of the period (Figures 67 and 68) . Cloudiness increases wi th

the approach of the frontal zone and developing low (Figures 69 through

72) . Mostly stratocumulus clouds prevai l wi th the moist southerly flow .
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The cloud layer becomes more extensive as deepening occurs , wi th heavy

cumuloform clouds developing as the period progresses. Radar echoes

(not illustrated) indicate strong shower activity in the vicinity of

the developing low.

Heights fall rapidly at 850 mbs as a deep trough approaches

V 
the fl i ght area from the west accompanied by an area of 15-20 rn/ s wi nds

(Figures 73 and 75). This trough extends through 300 mbs sloping to

the west. Moist air associated wi th the trough extends into the flight

region (Figures 74 and 76).

At 700 mbs the trough progresses toward the flight area with

a wi nd maximum of 25—30 rn/s passing over the flight region (Figures 77

and 79). Warm moist air accompanies the approaching trough (Figures 78

and 80). V

The 500 mb level win ls back as the trough approaches . An

isotach maximum west of the flight area passes to the north (Figures

81 and 83). The air remains moist at this level throughout the period

(Figures 82 and 84). Upward verti cal motion and positive vorticity 
V

increases over the fli ght area during the period (Figures 85 and 86).

At 300 mbs the winds back slightly as the. amplitude of the

trough increases. Maximum wi nds remain to the north and south of the

fli ght area throughout the period . Terllperatures increase gradually

during the period (Figures 87 through 90).

The local area surface situation is less definitive because

of the scarcity of weather reports . Rap id deepening and movement of the

frontal wave cause clouds to thicken within a short time in the area

87 
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of the fli ght tracks (Figures 91 through 93). Heavy showers occur

along the frontal zone. The wind flow is generally from the south

and southeast with strong cyclonic curvature . Warm , moist air from

the Gulf Stream contri butes to the rapid development.

The verti cal cross-sections (Figures 94 through 99) show

the w i nds veer i ng from a sou therl y direction at low levels to south-

westerly and westerly wi th alti tude. The layer of moist air extends

from the surface to 8800 meters. Clouds are generally l ayered

throughout the moist layers and solid wi thin the areas of vertically

deve lop ing cumuloform clouds . The freezing l evel is at 1400 meters.

The tropopause is at 10.8 km wi th a temperature of -52°c
over the flight area at the start of the fli ght. Warming of about

2°C occurs at this level which lowers the tropopause to 10.6 km by

the end of the fl ight.
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